Hepatitis B surface antigen (HBsAg) assay is a standard serological test for diagnosing hepatitis B virus (HBV) infection. Quantitative serum HBsAg levels correlate with the transcriptional activity of intrahepatic covalently closed circular DNA (cccDNA) of HBV in patients with hepatitis B e antigen (HBeAg)-positive chronic hepatitis B (CHB), but not in those with HBeAg-negative CHB[@b1]. A decline in HBsAg correlates with a decrease in the intrahepatic total HBV DNA and cccDNA and HBeAg seroconversion (SC) in HBeAg-positive patients receiving peginterferon treatment[@b2][@b3]. The absolute HBsAg level and HBsAg decline from baseline to Month 3 or 6 of peginterferon treatment can predict the treatment response in HBeAg-positive and -negative patients, respectively[@b4][@b5].

HBsAg decline is less pronounced during nucleos(t)ide analog (NA) treatment than during peginterferon treatment[@b6]. Rapid HBsAg decline, defined as ≥0.5 log~10~ IU/mL at Month 6 or ≥1.0 log~10~ IU/mL at Month 12 of telbivudine treatment, and an HBsAg decline of ≥1.0 log~10~ IU/mL at Month 6 of tenofovir treatment, are associated with subsequent HBsAg loss in HBeAg-positive patients[@b7][@b8]. However, several crucial concerns remain unresolved. First, the early kinetics of HBsAg levels during NA treatment is not well characterized. Second, the optimal cutoffs and time points for defining HBsAg decline during NA treatment are unclear. Third, the association between early HBsAg decline and the therapeutic outcomes during long-term NA treatment is controversial.

The present study delineated the kinetics of HBsAg levels; identified the optimal cutoffs and time points for defining HBsAg decline; and investigated the association between early HBsAg decline and key therapeutic endpoints such as virological response (VR), HBeAg SC, and HBsAg loss in a large cohort of genotype B-infected or C-infected CHB patients receiving entecavir (ETV) treatment.

Results
=======

Baseline characteristics
------------------------

We enrolled 550 consecutive NA-naïve patients with CHB. Among them, 21 patients were excluded because of missing HBsAg data. Thus, we included 529 patients (195 positive and 334 negative for HBeAg) in the present analysis. The baseline characteristics of all the patients are presented in [Table 1](#t1){ref-type="table"}. HBeAg-positive patients were significantly younger and showed significantly lower proportions of genotype B infection and cirrhosis; significantly higher platelet counts; higher ALT, HBV DNA, and HBsAg levels; and lower creatinine levels than did the HBeAg-negative patients.

Treatment outcomes
------------------

Median treatment durations for the HBeAg-positive and -negative patients were 49.0 (41.8) and 51.3 (36.4) months, respectively. In total, 169 (86.7%), 142 (72.8%), 102 (52.3%), and 79 (40.5%) HBeAg-positive patients and 289 (86.5%), 229 (68.6%), 173 (51.8%), and 128 (38.3%) HBeAg-negative patients received ETV treatment for more than 2, 3, 4, and 5 years, respectively. The median time to VR was 6 (6) and 3 (3) months in the HBeAg-positive and --negative patients, respectively. The cumulative rates of VR in the HBeAg-positive patients were 77%, 92%, 91%, and 98% at 1, 2, 3, and 4 years, respectively; the corresponding rates in the HBeAg-negative patients were 97%, 99%, 99%, and 99% ([Supplementary Fig. S1](#S1){ref-type="supplementary-material"}). The cumulative rates of HBeAg SC in the HBeAg-positive patients were 10.8%, 18.2%, 26.0%, and 32.8% at 1, 2, 3, and 4 years of treatment, respectively ([Supplementary Fig. S1](#S1){ref-type="supplementary-material"}). Fourteen (7 HBeAg-positive and 7 HBeAg-negative) patients showed HBsAg loss during a median treatment duration of 33.8 (40.7) months.

Kinetics of on-treatment serum HBsAg levels
-------------------------------------------

We determined the kinetics of the serum HBsAg levels during 4 years of ETV treatment. In the HBeAg-positive patients, the median HBsAg levels declined significantly from baseline to Month 3 of treatment (*p* \< 0.0001), but not during Months 3--6 or Months 6--12 of treatment ([Fig. 1a](#f1){ref-type="fig"} and b). In the HBeAg-negative patients, the median HBsAg levels declined significantly from baseline to Month 3 (*p* \< 0.0001) and during Months 6--12 of treatment (*p* \< 0.0001), but not during Months 3--6 of treatment ([Fig. 1a](#f1){ref-type="fig"} and b). This unique pattern of HBsAg decline during the first year of treatment was consistent in patients who had received ETV treatment for more than 1--4 years (data not shown). HBsAg levels continued to significantly decline in both HBeAg-positive and -negative patients during each successive treatment year (all *p* \< 0.0001 during Months 12--24, 24--36, and 36--48 of treatment, [Fig. 1b](#f1){ref-type="fig"}).

Determination of cutoffs for HBsAg decline
------------------------------------------

HBsAg levels significantly declined during only the initial 3 months in the first year in HBeAg-positive patients. Therefore, we investigated whether an optimal cutoff point occurred in HBsAg decline at Month 3 of treatment and whether it identified patients with subsequently lower HBsAg levels during treatment than those who did not achieve such an early decline. We plotted the on-treatment kinetics of median serum HBsAg levels by using various arbitrary cutoffs between 10% and 90% to dichotomize patients. For simplicity, only cutoffs of 25%, 50%, 75%, 0.5 log~10~ IU/mL (68.4%), and 1.0 log~10~ IU/mL (90%) are presented herein. The value 0.5 log~10~ IU/mL was selected because of its frequent adoption for studying HBsAg kinetics. Patients who exhibited an HBsAg decline of ≥75% from baseline to Month 3 of treatment achieved a significantly lower HBsAg level at Month 6 and during 1--4 years of treatment than did those who did not exhibit such a decline at Month 3 of treatment ([Fig. 2a](#f2){ref-type="fig"}). The difference was most statistically significant with a cutoff of 75% ([Fig. 2a](#f2){ref-type="fig"}, [Supplementary Fig. S2](#S1){ref-type="supplementary-material"}).

HBsAg levels significantly declined at Month 3 and during Months 6--12 of treatment during the first year in HBeAg-negative patients. Therefore, we investigated whether an optimal cutoff point occurred in HBsAg decline at Month 12 of treatment and whether it identified patients who would subsequently achieve a lower HBsAg level during treatment than those who did not achieve such an early decline. Thus, we conducted analyses similar to those for HBeAg-positive patients. Patients who exhibited an HBsAg decline of ≥75% or 1.0 log~10~ IU/mL from baseline to Month 12 of treatment achieved a significantly lower HBsAg level at Months 3 and 6 of treatment and during 1--4 years than did those who did not exhibit such a decline at Month 12 of treatment ([Fig. 2b](#f2){ref-type="fig"}, [Supplementary Fig. S3](#S1){ref-type="supplementary-material"}). The statistical significance of the difference was similar among both cutoffs ([Fig. 2b](#f2){ref-type="fig"}, [Supplementary Fig. S3](#S1){ref-type="supplementary-material"}). However, a cutoff of 75% was preferred because it included a higher number of patients (n = 49 versus n = 28). Patients who exhibited an HBsAg decline of ≥75% at Month 3 of treatment and those who showed the same decline at Month 12 of treatment achieved similar median HBsAg levels at 1--4 years of treatment (all *p* \> 0.05), which were significantly lower than those in patients who did not exhibit such a decline at Month 12 of treatment (all *p* \< 0.05, [Supplementary Fig. S4](#S1){ref-type="supplementary-material"}).

Based on the aforementioned analyses, we propose that a cutoff of ≥75% decline in HBsAg levels from baseline to Months 3 and 12 of treatment in HBeAg-positive and -negative patients, respectively, be considered the threshold associated with the subsequent achievement of a lower HBsAg level during treatment.

HBsAg decline as a predictor of VR and HBeAg SC during ETV treatment in HBeAg-positive patients
-----------------------------------------------------------------------------------------------

We investigated whether an HBsAg decline of ≥75% from baseline to Month 3 of treatment is a predictor of VR at 1 year of treatment in HBeAg-positive patients. Univariate logistic regression analysis identified cirrhosis, low creatinine levels, and HBV DNA and HBsAg levels as the significantly associated factors. An HBsAg decline of ≥75% at Month 3 of treatment was a marginally significant factor (*p* = 0.0777, [Supplementary Table S1](#S1){ref-type="supplementary-material"}). Multivariate logistic regression analysis indicated HBsAg levels (odds ratio \[OR\] 0.238, 95% confidence interval \[CI\] 0.119--0.474, *p* \< 0.0001) and an HBsAg decline of ≥75% at Month 3 of treatment (OR 3.581, 95% CI 1.204--10.655, *p* = 0.0218) as the independent predictors ([Supplementary Table S1](#S1){ref-type="supplementary-material"}). A similar statistical analysis of HBeAg-negative patients was not feasible because of their high VR rate (92%) at 1 year of ETV treatment.

We investigated whether an HBsAg decline of ≥75% from baseline to Month 3 of treatment is a predictor of HBeAg SC during ETV treatment. Univariate Cox regression analysis identified alanine aminotransferase (ALT) levels of ≥5× upper limit of normal (ULN), genotype C, and an HBsAg decline of ≥75% at Month 3 of treatment as the significantly associated factors ([Supplementary Table S2](#S1){ref-type="supplementary-material"}). Multivariate Cox regression analysis indicated genotype C (hazard ratio \[HR\] 1.964, 95% CI 1.181--3.267, *p* = 0.0093) and an HBsAg decline of ≥75% at Month 3 of treatment (HR 2.110, 95% CI 1.235--3.605, *p* = 0.0063) as the independent predictors ([Supplementary Table S2](#S1){ref-type="supplementary-material"}).

HBsAg kinetics in relation to the achievement of VR
---------------------------------------------------

We investigated the kinetics of the serum HBsAg levels in relation to the achievement of VR among those with or without an early HBsAg decline, defined as ≥75% from baseline to Months 3 and 12 of treatment in HBeAg-positive and -negative patients, respectively. HBsAg levels significantly declined in both HBeAg-positive and -negative patients from baseline to the time of VR and during each successive treatment year following the achievement of VR (all *p* \< 0.0001, [Supplementary Fig. S5](#S1){ref-type="supplementary-material"}). HBeAg-positive patients with an early HBsAg decline exhibited significant HBsAg decline during each successive treatment period except the first year following VR ([Fig. 3a](#f3){ref-type="fig"} and [b](#f3){ref-type="fig"}). HBeAg-negative patients with an early HBsAg decline exhibited significant HBsAg decline during each successive treatment period ([Fig. 3c](#f3){ref-type="fig"} and [d](#f3){ref-type="fig"}). Furthermore, HBsAg levels significantly declined in both HBeAg-positive and -negative patients without an early HBsAg decline during each successive treatment year following VR ([Fig. 3](#f3){ref-type="fig"}). There were no significant differences in HBsAg decline during each successive treatment year following VR between the patients who exhibited an early HBsAg decline and those who did not in either HBeAg-positive or --negative groups.

HBsAg decline as a predictor of HBsAg loss during ETV treatment
---------------------------------------------------------------

HBsAg loss is the most desirable therapeutic endpoint of the current NA treatment. We investigated whether early HBsAg decline is a predictor of HBsAg loss. Univariate Cox regression analysis identified cirrhosis, ALT levels of ≥5 × ULN, higher prothrombin time (PT), and an HBsAg decline of ≥75% at Month 3 of treatment in HBeAg-positive patients and at Month 12 of treatment in HBeAg-negative patients as the significantly associated factors ([Table 2](#t2){ref-type="table"}). Multivariate Cox regression analysis showed HBsAg levels of \< 3,000 IU/mL (HR 10.324, 95% CI 2.805--37.992, *p* = 0.0004) and an HBsAg decline of ≥75% (HR 5.820, 95% CI 1.679--20.177, *p* = 0.0055) as the independent predictors of HBsAg loss during treatment ([Table 2](#t2){ref-type="table"}).

We compared the HBsAg declines before and after the achievement of VR during treatment between the patients who lost HBsAg (n = 14) and those who did not (n = 504). Patients who lost HBsAg exhibited a significantly greater median HBsAg decline both from baseline to the time of VR (1.52 versus 0.07 log~10~ IU/mL, *p* \< 0.0001) and annually thereafter (0.50 versus 0.09 log~10~ IU/mL/year, *p* = 0.0008) compared with those who did not.

HBsAg decline as a predictor of an HBsAg level of \<100 IU/mL during ETV treatment in HBeAg-negative patients
-------------------------------------------------------------------------------------------------------------

HBsAg loss is a rare event during long-term NA treatment; therefore, we used an alternative therapeutic endpoint, an HBsAg level of \<100 IU/mL, as preliminary evidence demonstrated its association with the durability of NA treatment in HBeAg-negative patients[@b9][@b10]. After excluding 28 HBeAg-negative patients who had exhibited a baseline HBsAg level of \<100 IU/mL, 57 of 306 HBeAg-negative (18.6%) patients achieved an HBsAg level of \<100 IU/mL during treatment. We investigated whether early HBsAg decline is a predictor of ultimately achieving an HBsAg level \<100 IU/mL. Univariate Cox regression analysis revealed ALT levels of ≥5 × ULN, HBsAg levels of \<3,000 IU/mL, and an HBsAg decline of ≥75% at Month 12 of treatment as the significantly associated factors ([Table 3](#t3){ref-type="table"}). Moreover, multivariate Cox regression analysis identified HBsAg levels of \<3,000 IU/mL (HR 5.604, 95% CI 2.416--12.999, *p* \< 0.0001) and an HBsAg decline of ≥75% at Month 12 of treatment (HR 8.238, 95% CI 3.806--17.828, *p* \< 0.0001) as the independent predictors of an HBsAg level of \<100 IU/mL during treatment ([Table 3](#t3){ref-type="table"}).

Confirmation of a threshold of ≥75% as the optimal cutoff for defining an HBsAg decline during ETV treatment
------------------------------------------------------------------------------------------------------------

To further confirm that a threshold of ≥75% was the optimal cutoff for defining an HBsAg decline during ETV treatment, we evaluated whether various cutoffs (25%, 50%, 75%, 0.5 log~10~ IU/mL, and 1.0 log~10~ IU/mL) can serve as independent predictors of key therapeutic endpoints such as VR, HBeAg SC in HBeAg-positive patients, an HBsAg level \<100 IU/mL in HBeAg-negative patients, and HBsAg loss in all patients after adjustment for baseline confounders. A decline of ≥75% was the only cutoff that predicted all these key endpoints, thus confirming its optimal clinical relevance ([Supplementary Table S3](#S1){ref-type="supplementary-material"}).

Predictive values of an HBsAg decline for therapeutic endpoints in patients with CHB receiving ETV treatment
------------------------------------------------------------------------------------------------------------

Kaplan--Meier analyses revealed that the cumulative incidences of HBeAg SC were significantly different between HBeAg-positive patients with and without an HBsAg decline of ≥75% at Month 3 of treatment (*p* = 0.0242, [Fig. 4a](#f4){ref-type="fig"}) and those of \<100 IU/mL HBsAg were significantly different between HBeAg-negative patients with and without an HBsAg decline of ≥75% at Month 12 of treatment (*p* \< 0.0001, [Fig. 4b](#f4){ref-type="fig"}). In addition, Kaplan--Meier analysis revealed that the cumulative incidences of HBsAg loss were significantly different between patients with and without an HBsAg decline of ≥75% (at Months 3 and 12 of treatment for HBeAg-positive and -negative patients, respectively; *p* \< 0.0001, [Fig. 4c](#f4){ref-type="fig"}).

Baseline HBsAg levels combined with an HBsAg decline of ≥75% provided a simple algorithm for early prediction of the ultimate achievement of a low HBsAg level during 5 years of ETV treatment. HBeAg-negative patients with baseline HBsAg levels of \<3,000 IU/mL and an HBsAg decline of ≥75% exhibited a positive predictive value (PPV) of 100% for \<100 IU/mL HBsAg during 5 years of treatment, whereas patients without the two characteristics exhibited a negative predictive value (NPV) of 100% for \<100 IU/mL HBsAg ([Fig. 5a](#f5){ref-type="fig"}). Patients with baseline HBsAg levels of \<3,000 IU/mL and an HBsAg decline of ≥75% exhibited a PPV of 70% for HBsAg loss during 5 years of treatment, whereas those without either characteristic exhibited an NPV of 88--100% for HBsAg loss ([Fig. 5b](#f5){ref-type="fig"}).

Discussion
==========

Over 4 years of ETV treatment, HBsAg levels declined at a median annual rate of 0.12 (0.29) and 0.09 (0.16) log~10~ IU/mL in the HBeAg-positive and -negative patients, respectively. The decline was most pronounced during the initial 3 months of treatment in the first year. HBeAg-negative patients exhibited further significant HBsAg decline during Months 6--12 of treatment. An HBsAg decline of ≥75% from baseline was achieved in 24.1% of HBeAg-positive patients at Month 3 of treatment and in 14.7% of HBeAg-negative patients at Month 12 of treatment. An HBsAg decline of ≥75% from baseline, assessed at Months 3 and 12 of treatment in HBeAg-positive and -negative patients, respectively, was identified as an independent predictor of VR and HBeAg SC in HBeAg-positive patients, an HBsAg level of \<100 IU/mL in HBeAg-negative patients, and HBsAg loss in all patients during long-term treatment. Baseline HBsAg levels combined with an HBsAg decline of ≥75% provided a simple algorithm for early prediction of the ultimate achievement of a low HBsAg level during 5 years of ETV treatment.

Our results are consistent with those of a previous study, which reported that the overall HBsAg decline was less pronounced in patients receiving ETV treatment compared with those receiving interferon treatment[@b6]. However, we further demonstrated that the highest decline during the first year of treatment occurred within the initial 3 months, particularly in HBeAg-positive patients. HBsAg levels continued to significantly decline with each successive year of treatment[@b11][@b12][@b13][@b14]. HBsAg levels significantly declined from baseline to the time of VR and during each successive treatment year following VR.

Until date, no consensus has been reached on the optimal cutoff and time point for defining an HBsAg decline of predictive relevance during NA treatment. Studies have reported an HBsAg decline of ≥1.0 log~10~ IU/mL at Months 12 and 6 of telbivudine and tenofovir treatments, respectively, as a criterion for identifying patients having an increased possibility of HBsAg loss over 3 and 5 years of treatment, respectively[@b7][@b8]. It is unclear how the cutoffs and time points were derived in these studies. The present proposal was based on four key observations. First, HBsAg levels significantly declined at Month 3 of treatment in both HBeAg-positive and -negative patients and during Months 6--12 of treatment in HBeAg-negative patients. Second, systematic statistical analyses of associations between the magnitude of HBsAg decline and absolute HBsAg levels achieved during 4 years of treatment demonstrated that an HBsAg decline of ≥75% from baseline was most significantly associated with the subsequent achievement of a lower HBsAg level during treatment. Third, multivariate logistic and Cox regression analyses revealed its association with VR, HBeAg SC, and \<100 IU/mL HBsAg as well as HBsAg loss during long-term treatment. Fourth, algorithms incorporating HBsAg levels at baseline and an HBsAg decline of ≥75% exhibited favorable predictive capability for ultimately achieving a low HBsAg level during 5 years of ETV treatment. Therefore, this early measurement of HBsAg decline may assist clinicians in determining the possibility of key therapeutic endpoints during a later course of NA treatment.

Our results may explain why some previous studies have neither found an association between HBsAg decline defined by arbitrary cutoffs and key therapeutic endpoints nor underscored the clinical relevance of early HBsAg decline during ETV treatment[@b6][@b12][@b15][@b16][@b17][@b18][@b19][@b20]. In addition, our results highlight the prerequisite for a low baseline HBsAg level and early HBsAg decline of a sufficient magnitude for ultimately achieving a low HBsAg level, which is currently considered related to the durability of NA treatment in HBeAg-negative patients[@b9][@b10]. HBsAg loss is associated with continued HBsAg decline both before and after the achievement of VR, which is different from the result of a previous study[@b21].

The relatively low number of patients who achieved HBsAg loss in this study may reduce its statistical significance. The mechanisms underlying an early significant HBsAg decline during NA treatment require elucidation[@b21]. The proposed cutoff requires validation in an independent large cohort for establishing its feasibility as a guide for conducting early assessments in patients with CHB receiving ETV treatment. Whether the same cutoff can be used for predicting a response early during NA treatment in patients with genotype A or D infection and in those receiving different NA treatments warrants further investigation.

In conclusion, we propose a new cutoff for defining an HBsAg decline at specific time points after determining the cutoff through an unbiased statistical analysis and demonstrating its association with key therapeutic endpoints in patients with CHB receiving ETV treatment. Adopting the proposed cutoff may assist clinicians in early assessments of treatment responses.

Materials and Methods
=====================

Patients
--------

We prospectively enrolled consecutive NA-naïve CHB patients who received ETV treatment (0.5 mg daily) with indications according to the guidelines of the Asian Pacific Association for the Study of the Liver at our unit from June 2006 to June 2014[@b22]. The inclusion criteria were an age of ≥18 years, the presence of serum HBsAg for at least 6 months, and ETV treatment for \>12 months. The exclusion criteria were liver diseases caused by other etiologies, decompensated cirrhosis or hepatocellular carcinoma at baseline, comorbid diseases or cancer, and the concurrent use of immunomodulatory agents.

The study was conducted in accordance with the Helsinki Declaration of 1975. All patients provided written informed consent before enrollment. The study was approved by the Research Ethics Committee of China Medical University Hospital, in Taichung, Taiwan (CMUH102-REC1-113).

Laboratory examinations
-----------------------

Complete blood cell count, PT, and serum levels of albumin, ALT, total bilirubin, and creatinine were measured at baseline. During ETV treatment, serum ALT levels were measured every 3 months and more frequently when clinically indicated. HBeAg and anti-HBe antibodies (Architect i2000 assay; Abbott Diagnostics, Abbott Park, IL, USA) were detected every 3 months during treatment in the HBeAg-positive patients. HBsAg levels were quantified retrospectively in the patients enrolled before September 2009 and prospectively in those enrolled thereafter by using Abbott Architect HBsAg QT assays (dynamic range, 0.05--250 IU/mL) at baseline; 3, 6, and 12 months; and annually thereafter. Serum HBV DNA levels were measured at baseline; 3, 6, and 12 months; and every 6 months thereafter. The COBAS Amplicor HBV monitor test (lower limit of detection, 50 IU/mL; Roche Diagnostic Systems, Branchburg, NJ, USA) and COBAS AmpliPrep-COBAS TaqMan HBV test (lower limit of detection, 12 IU/mL; Roche Diagnostic Systems) were used before and after August 2008, respectively. HBV genotyping was performed as previously described[@b23]. Liver fibrosis (F) was staged as no fibrosis (F0), portal fibrosis without septa (F1), portal fibrosis with a few septa (F2), numerous septa without cirrhosis (F3), and cirrhosis (F4) according to the METAVIR system[@b24]. Cirrhosis was defined on the basis of either 1) histology or 2) repeated ultrasonographic findings suggesting cirrhosis in addition to clinical features such as splenomegaly, thrombocytopenia, ascites, or gastroesophageal varices.

Therapeutic endpoints
---------------------

VR was defined as a serum HBV DNA level of \<50 IU/mL during ETV treatment. HBeAg SC was defined as the absence of serum HBeAg and presence of anti-HBe antibodies in the HBeAg-positive patients. We assessed the achievement of an HBsAg level of \<100 IU/mL and loss of HBsAg, defined as the absence of serum HBsAg.

Statistical analyses
--------------------

HBsAg and HBV DNA across a range of 10^2^--10^5^ IU/mL and 10^5^--10^8^ IU/mL, respectively, are presented in logarithmic units where appropriate (2.0 log~10~ = 100; 2.5 log~10~ = 316; 3.0 log~10~ = 1,000; 3.5 log~10~ = 3,162; 4.0 log~10~ = 10,000; 4.5 log~10~ = 31,623; 5.0 log~10~ = 100,000; 5.5 log~10~ = 316,228; 6.0 log~10~ = 1,000,000; 6.5 log~10~ = 3,162,278; 7.0 log~10~ = 10,000,000; 7.5 log~10~ = 31,622,777; 8.0 log~10~ = 100,000,000). Continuous variables, presented as the median (interquartile range), were compared between two groups by using the Mann--Whitney U test. Categorical variables were analyzed using the chi-squared or Fisher exact test, as appropriate. The Wilcoxon signed-rank test was used to investigate changes in HBsAg levels at two time points. Logistic and Cox regression analyses were used to identify factors associated with VR and HBeAg SC, \<100 IU/mL HBsAg, or HBsAg loss, respectively. Receiver operating characteristic curves were used to determine the optimal cutoffs that maximize (sensitivity + specificity) for HBsAg levels. Kaplan--Meier analysis and the log-rank test were used to compare the cumulative rates of \<100 IU/mL HBsAg and HBsAg loss among the patient subgroups. SAS Version 9.4 (SAS Institute, Inc., Cary, NC, USA) was used for all statistical analyses. A two-sided *p* value of \<0.05 was considered significant.
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![Kinetics of on-treatment serum HBsAg levels.\
(**a**) Kinetics of serum HBsAg levels during 4 years of entecavir treatment among HBeAg-positive and -negative patients. (**b**) Changes in median HBsAg levels during each successive period of treatment. Error bars indicate the interquartile range. M, months.](srep42879-f1){#f1}

![Kinetics of on-treatment serum HBsAg levels stratified by an HBsAg decline of 75% from baseline.\
(**a**) At 3 months of treatment among HBeAg-positive patients (n = 195) and (**b**) At 12 months of treatment among HBeAg-negative patients (n = 334). Error bars indicate the interquartile range. M, months.](srep42879-f2){#f2}

![Kinetics of on-treatment serum HBsAg levels in relation to the achievement of VR.\
(**a**) Stratified by an HBsAg decline of 75% from baseline to Month 3 of treatment in HBeAg-positive patients (n = 191) and (**b**) Changes in median HBsAg levels during each successive period of treatment. (**c**) Stratified by an HBsAg decline of 75% from baseline to Month 12 of treatment in HBeAg-negative patients (n = 327) and (**d**) Changes in median HBsAg levels during each successive period of treatment. Error bars indicate the interquartile range. M, months; VR, virological response.](srep42879-f3){#f3}

![Cumulative incidence of key therapeutic endpoints.\
Cumulative incidence of (**a**) HBeAg seroconversion in HBeAg-positive patients (*p* = 0.0242), (**b**) HBsAg \<100 IU/mL in HBeAg-negative patients (*p* \< 0.0001), and (**c**) HBsAg loss in all patients (*p* \< 0.0001) stratified by an HBsAg decline of 75% from baseline. All values were obtained using the log-rank test. M, months.](srep42879-f4){#f4}

![Predictive values of the algorithms based on baseline HBsAg levels and an HBsAg decline of ≥75% from baseline.\
Algorithms for achieving (**a**) an HBsAg level of \<100 IU/mL and (**b**) HBsAg loss during 5 years of entecavir treatment.](srep42879-f5){#f5}

###### Baseline patient characteristics.

  Variables                     Total        HBeAg-positive    HBeAg-negative     *p*
  ------------------------ --------------- ------------------ ---------------- ----------
  Age: years                   49 (16)          42 (13)           53 (15)       \<0.0001
  Sex (male)                 387 (73.2)        142 (72.8)        245 (73.4)      0.8939
  Biopsy number              277 (52.4)        103 (52.3)        174 (52.1)         
  Fibrosis stage                                                                 0.1013
  F0/F1                       51 (18.4)        25 (24.3)         26 (14.9)          
  F2                          85 (30.7)        32 (31.1)         53 (30.5)          
  F3                          35 (12.6)         8 (7.8)          27 (15.5)          
  F4                         106 (38.3)        38 (36.9)         68 (39.1)          
  Cirrhosis (yes)^a^         194 (36.7)        60 (30.8)         134 (40.1)      0.0313
  Albumin: g/dL               4.1 (0.6)        4.1 (0.6)         4.1 (0.7)       0.9485
  ALT: IU/L                   87 (241)         111 (575)         78.5 (166)      0.0003
  Total bilirubin: mg/dL     1.06 (0.8)       1.09 (1.14)       1.06 (0.68)      0.2618
  PT: seconds prolonged      1.33 (2.02)       1.4 (2.31)        1.2 (1.97)      0.1541
  Platelet: ×10^3^/μL         155 (76)          166 (71)         148.5 (72)      0.0029
  Creatinine: mg/dL          0.86 (0.27)      0.85 (0.27)       0.86 (0.25)      0.0330
  Genotype                                                                      \<0.0001
  B                          327 (63.0)        98 (50.5)         229 (70.5)         
  C                          192 (37.0)        96 (49.5)         96 (29.5)          
  HBV DNA: log~10~ IU/mL     5.8 (2.69)       7.04 (2.47)       5.28 (2.29)     \<0.0001
  HBV DNA: IU/mL            630,957 (490)   10,964,782 (295)   195,046 (195)    \<0.0001
  HBsAg: log~10~ IU/mL       3.2 (0.81)       3.52 (1.00)       3.03 (0.77)     \<0.0001
  HBsAg: IU/mL               1,585 (6.6)       3,311 (10)       1,072 (5.9)     \<0.0001

ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; IQR, interquartile range; PT, prothrombin time.

^a^Cirrhosis diagnosed based on clinical findings or biopsy.

###### Univariate and multivariate Cox regression analyses of factors associated with HBsAg loss in patients during entecavir treatment (n = 529).

  Variables                           Univariate analysis     Multivariate analysis                           
  --------------------------------- ------------------------ ----------------------- ------------------------ --------
  Age: years                          0.969 (0.926--1.013)           0.1688                                       
  Sex: male vs female                 0.628 (0.210--1.873)           0.4038                                       
  HBeAg: negative vs positive         1.691 (0.593--4.82)            0.3260                                       
  Cirrhosis: no vs yes                0.131 (0.017--0.999)           0.0499                                       
  Albumin: g/dL                       1.149 (0.436--3.028)           0.7782                                       
  ALT: ≥5× vs \<5× ULN               15.813 (3.535--70.727)          0.0003                                       
  Total bilirubin: mg/dL              1.069 (0.984--1.162)           0.1135                                       
  PT: seconds prolonged               1.167 (1.001--1.361)           0.0484                                       
  Platelet: ×10^3^/μL                 1.002 (0.994--1.011)           0.6045                                       
  Cr: mg/dL                           0.208 (0.012--3.462)           0.2737                                       
  Genotype: C vs B                    0.762 (0.235--2.476)           0.6517                                       
  HBV DNA: log~10~ IU/mL              0.849 (0.630--1.144)           0.2811                                       
  HBsAg: \<3,000 vs ≥3,000 IU/mL     2.787 (0.720--10.789)           0.1379           10.324 (2.805--37.992)   0.0004
  HBsAg decline: ≥75% vs \<75%^a^    9.946 (3.324--29.762)          \<0.0001          5.820 (1.679--20.177)    0.0055

ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; ULN, upper limit of normal; vs, versus.

Fourteen patients achieved HBsAg loss during entecavir treatment.

^a^An HBsAg decline of ≥75% at the first 3 months of treatment in the HBeAg-positive patients and at the first 12 months of treatment in the HBeAg-negative patients.

###### Multivariate Cox regression analyses of factors associated with the achievement of HBsAg \<100 IU/mL in HBeAg-negative patients during entecavir treatment (n = 306).

  Variables                                    Univariate analysis    Multivariate analysis                          
  ------------------------------------------- ---------------------- ----------------------- ----------------------- ----------
  Age: years                                   0.995 (0.971--1.020)          0.6925                                       
  Sex: male vs female                          1.105 (0.601--2.033)          0.7471                                       
  Cirrhosis: no vs yes                         1.080 (0.628--1.858)          0.7811                                       
  Albumin: g/dL                                0.808 (0.519--1.258)          0.3449                                       
  ALT: ≥5× vs \<5× ULN                         2.526 (1.450--4.400)          0.0011                                       
  Total bilirubin: mg/dL                       1.022 (0.963--1.085)          0.4649                                       
  PT: seconds prolonged                        1.072 (0.950--1.210)          0.2599                                       
  Platelet: ×10^3^/μL                          0.997 (0.992--1.002)          0.2252                                       
  Cr: mg/dL                                    0.629 (0.192--2.065)          0.4447                                       
  Genotype: C vs B                             0.717 (0.408--1.262)          0.2490                                       
  HBV DNA: log~10~ IU/mL                       1.078 (0.916--1.268)          0.3655                                       
  HBsAg: \<3,000 vs ≥3,000 IU/mL               2.353 (1.097--5.045)          0.0279           5.604 (2.416--12.999)   \<0.0001
  HBsAg decline at 12 months: ≥75% vs \<75%    3.403 (1.908--6.068)         \<0.0001          8.238 (3.806--17.828)   \<0.0001

ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; PT, prothrombin time; vs, versus.

Fifty-seven patients achieved HBsAg \<100 IU/mL.
